In this study, the Perturb observe controller and PI controller for a Li-Ion battery charger with photovoltaic panel sourced is proposed. Compared with other batteries, Lithium-Ion (Li-Ion) batteries are featured by high-energy, high-power, long-life and environmental-friendliness and therefore have found wide application in the consumer electronics. The voltage and current of PV panels are nonlinear and variable environmental conditions cause to change voltage and current. They also cause to change maximum available power of PV panels. Maximum power point tracking (MPPT) methods are used to obtained maximum power and to increase efficiency of the photovoltaic panels (PV). The charger topology consists of two-stages: 1) a photovoltaic panel source DC-DC boost converter to obtain the high output voltage, and 2) a half-bridge bidirectional DC-DC buck-boost converter to behave as a charge controller. The perturb and observe (P&O) controller is used to obtained maximum power and voltage of the photovoltaic panel (PV) system. The constant voltage method with PI controller is used for bidirectional DC-DC buck-boost converter to charge of a Li-Ion battery. PI controller is a simple technique and also it provides satisfactory results. The simulation of the 5 kW photovoltaic panel, DC-DC boost converter and charger are created by using of computational blocks and design suit blocks in PSIM circuit simulations.
Introduction
In recent years, inadequate of fossil fuel sources, increases in energy requirements and air pollution have increased the number of studies on renewable energy sources. Photovoltaic (PV) systems come to the forefront as they are clean energy sources, natural resources and they can generating electrical energy from sunlight everywhere. [1] [2] [3] . The disadvantage of PV systems is that the sun does not shine in the same way for 24 hours a day, when the radiation of the sun decreases, PV panels stop generating electricity. In addition, the efficiency of generating electricity from PV system is very low, especially in low solar radiation areas. Due to the nonlinear relationship between current and voltage of PV system, it can be seen that there is a unique maximum power point (MPP) [4] . Therefore, monitoring the MPP tracking (MPPT) is an important part of the PV system. PV panels are grouped in larger units called PV modules that are also connected together in a parallel series configuration to form PV arrays. MPPT methods use voltage and current value obtained from PV panels and regulate the duty cycle of Pulse width Modulation PWM of active switches to DC-DC converters. After boost converter, current and voltage change constantly because of changing environmental conditions. The DC-DC converter such as boost converter, buck converter buck-boost converter SEPIC converter is designed to be connected directly to the photovoltaic panel and can be operated to search for the MPPT [5] [6] [7] . Several algorithms of MPPT method are developed in the literature. Some of these algorithms is perturb and observe P&O [8] [9] , incremental conductance [10] [11] , fuzzy logic (FLC) [12] , fractional open-circuit voltage and fractional short-circuit current algorithms [13] [14] . The P&O algorithm is generally used, due to its ease of implementation. If the output voltage of the PV array is perturbed in a given direction and if the output power of the PV array increases, the operating point has moved toward the MPP and the output voltage must be further perturbed in the same direction. Otherwise, if the output power of the PV array decreases, the operating point has moved away from the MPP and the direction of the operating voltage perturbation must be reversed. To charge a Li-Ion battery there are some methods in the literature. These methods are constant current and constant voltage methods [15] [16] . The battery charges in constant current and in appropriate voltage. To provide constant current and appropriate voltage for battery, PI controller applied buck DC-DC after boost DC-DC. In this study, control system of a two stage topology with connected the photovoltaic panel supported boost DC-DC converter and bidirectional DC-DC buck-boost converter is proposed for Li-Ion battery charger. In the first stage, the P&O controller is used to obtained maximum power and voltage of the photovoltaic panel (PV) system. In the second stage, the charging and discharging of a battery charger system is performed. The constant current and voltage method with PI controller is used for bidirectional DC-DC buck-boost converter to charge of a Li-Ion battery. PI controller is a simple technique and also it provides satisfactory results. The simulation circuit of the 5 kW charger system is created by using of computational blocks and design suit blocks in PSIM circuit simulations. iiste.org
Charger Circuit Topology 2.1 The photovoltaic panel supported DC-DC boost converter
Where IL is the current of PV cell, I0 is the PV cell reverse saturation current, q means the electron charge K is the Boltzmann's constant (1.38×10 −23 J/K), T is the temperature of the PV panel, n is the P-N junction curve constant, V voltage applied to the load, q is elementary charge (1.602176565×10 −19 ). The power produced by a PV cell is so low (1-1.5 W) so to get desired power, solar cells are connected series or parallel [12] . The parameter of PV panel is given in Table 1 . Number of PV in series is seven and number of PV in parallel is four. Light intensity value is 1000W/m 2 . The ambient temperature input is 25C°. The DC-DC boost converter increase PV panel's output voltage and power. There are two modes of operation of the boost converter depending on opening and clothing of the electronic switch [18] . Fig. 3a and Fig. 3b show the operation modes. When S switch is on at t=0, the diode is off and the current passes through the inductor L. the energy is stored in inductor and the current increases linearly. This operation mode is shown Fig. 3a . When the S switch is off at t= , a diode is on and the sum of energy is stored in the inductor and the input current is flowed through the C2 capacitor. The energy is stored in the C2 capacitor. The capacitor voltage is transferred the load Ry. The inductor current decreases until the S switch is turned on. This operation mode is shown in Fig. 3b . The output voltage of DC-DC boost converter is calculated using Eq. 4 [19] . 
where D is duty cycle, V o is average output voltage, input voltage is V s , is the switching on time, T is the switching period, is the switching frequency. The DC-DC boost converter output voltage was calculated in Eq. (4) and the output L was calculated in Eq. (7) . Where ∆ is ripple current of L, f is frequency.
The output C was calculated in Eq. (8) . In there ∆ is ripple current of C.
This S switch was controlled by PWM signals which are generated from MPPT controller. Fig. 4 . shows the bidirectional DC-DC buck-boost converter. Bidirectional converter topology is basic circuit of DC-DC converter. It is the anti-parallel combination of buck-boost converters. During the stepup operation Q3 is conduct according to the duty cycle whereas Q4 will not conduct in this mode. In step down mode Q4 will conduct according to the duty cycle and Q3 will not conduct in this mode. A small dead time provided between both the operations so that cross conduction can be avoided [9] . 
The bidirectional DC-DC buck-boost converter

Proposed Control Method
To produce the switching signals used MPPT controller for the DC-DC boost converter. PV output voltage and current depend on solar irradiance and temperature. To obtain maximum efficiency from PV panel, of MPPT method is widely used. There are different MPPT methods. If PV curve (dP/dV=0, dP/PI=0) is zero, this point is defined MPP. In this study, Perturb and Observe P&O algorithm from MPPT methods to control active switch. This algorithm is based on PV panel voltage and current measurement. A perturb leads to change in the output power of DC-DC boost converter. If the change in power is positive, then step will continue to same direction. If it is negative, then the step will continue on the contrary. Until the MPP has reached, this process continues [20] [21] . When the battery voltage is less than the battery float voltage, it is constant current charging. The outer voltage loop is used is disabled and the inner current loop used PI control charges the batteries at a constant current rate. The parts of PI controller are integral gain and proportional gain. Ziegler-Nichols method used to determine the proportional gain Kp and integral gain Ki. Kp is effective to reduce the step up time Ki is effective to eliminate steady state error. When the battery voltage reaches the battery float voltage, it is constant voltage charging. The outer voltage loop used PI control generates the current reference for the inner current loop to regulate the output voltage and power of buck converter. Discharge block implements constant-voltage or constant current discharging control to a battery. When the discharge control mode is set to voltage mode, the bidirectional converter regulates the DC bus voltage and the voltage loop used PI controller generates the reference for the current loop. When the discharge control mode is set to current mode, the bidirectional the converter regulates the current flowing into the DC bus to the maximum current that the converter can deliver.
Results and Discussion
The simulation model of controller shows in Fig. 7 . The parameters of the power circuits for battery charger system are described in Tables 2, Tables 3 and Tables 4 
.
To confirm the validity of the used P&O controller and charger controller blocks, a simulation circuit has been performed using computational blocks and control suite block in PSIM. The simulation applied on three modes. These are charge mode, discharge current mode and discharge voltage modes. According to simulation results is 250V, is 21A, is 500V, is 5kW, is 5,2kW, approximately. The simulation results of bidirectional DC-DC converter for the battery charger is shown in Fig. 9 . When the battery voltage reaches 250V constant voltage, battery current changes from -80A to 30A.
International Journal of Scientific and Technological Research www.iiste.org ISSN 2422-8702 (Online), DOI: 10.7176/JSTR/ 5-12-19 Vol.5, No.12, 2019 174 | P a g e www.iiste.org The discharge current mode is applied for battery. The simulation results of the PV panel supported DC-DC boost converter for battery discharge current mode is shown in Fig. 10 . In the Fig. 10 , the current of PV panel is 21.25 A, the output voltage of PV panel is 250V, the output max power of PV panel is 5kW. Fig. 11 shows simulation results of the bidirectional DC-DC buck-boost converter for battery discharge current mode. In the Fig. 11 , the DC output voltage of boost converter is 500V and the bidirectional DC-DC converter regulates the current -30A flowing into the DC bus to the maximum current in the battery voltage 220V The discharge voltage mode are applied for battery. The simulation results of the PV panel supported DC-DC boost converter for battery discharge voltage mode is shown in Fig. 12 . In the Fig. 12 , the current of PV panel is 21.25A, the output voltage of PV panel is 250V, the output max power of PV panel is 5kW, the DC output voltage of boost converter is 500V. Fig. 13 shows simulation results of the bidirectional DC-DC buck-boost converter for battery discharge voltage mode. In the Fig. 13 , the bidirectional DC-DC converter regulates the DC voltage 220V in the battery 0A. 
CONCLUSION
The battery charger topology for Lion battery consists of the photovoltaic panel supported DC-DC boost converter and the half-bridge bidirectional DC-DC buck-boost converter. In the first stage, the P&O algorithm from MPPT method is used to obtained maximum power and voltage of the photovoltaic panel (PV) system. The obtained DC voltage is 500V value. In the second stage, the charge and discharge of a battery charger system is performed. The constant and voltage method with PI controller is used for bidirectional DC-DC buck-boost converter. PI controller is a simple technique and also it provides satisfactory results. The simulation circuit of the 5 kW charger system is created by using of computational blocks and design suit blocks in PSIM circuit simulations. According to simulation results; is 250V, is 21A, is 500V, is 5kW approximately. The obtained DC voltage is applied to the bidirectional DC-DC buckboost converter. When the results of the circuit simulated, power of PV and output power of boost converter follow each other. The P&O controller is applied as successfully. The proposed charger/discharger system for Li-Ion battery can implement constant voltage or constant current charging and current mode or voltage mode discharging
